ments have been introduced as measures of criminal and violence risk prediction. In keeping with the demands placed on them, professional staff have come to rely on these measures to accurately assess and communicate that risk. Two such instruments are the Level of Service Inventory-Revised (LSI-R) (Andrews & Bonta, 1995) and the Violence Risk Appraisal Guide (VRAG) (Harris, Rice, & Quinsey, 1993) . These instruments were developed from different theoretical perspectives, on different samples, and to predict different recidivism outcomes.
The LSI-R (Andrews & Bonta, 1995 ) is a criminal risk and need for treatment measure that was developed from a social learning perspective. Thus, the instrument measures areas of personal history and interaction with others. The instrument was developed primarily on probationers and briefly incarcerated offenders (sentenced to less than 2 years) for the purpose of determining supervision requirements or halfway house placement. Validity studies with samples similar to the initial validation sample show that higher LSI-R scores have been associated with parole failure and a return to custody (Bonta & Motiuk, 1990; Motiuk, Bonta, & Andrews, 1986) as well as institutional misconduct (Bonta, 1989; Bonta & Motiuk, 1987) .
Studies employing the LSI-R have been undertaken with samples other than those similar to the initial validation samples. Loza and Simourd (1994) reported on the validity of the LSI-R with Canadian offenders sentenced to 2 or more years in prison. Simourd and Malcolm (1998) showed the LSI-R to be valid with a sample of incarcerated sex offenders. The LSI-R and a variant of the LSI-R also have been shown to be predictive among Native and young offender samples, respectively (Bonta, LaPrairie, & Wallace-Capretta, 1997; Jung & Rawana, 1999) .
The VRAG (Harris et al., 1993) is an instrument developed to predict violent recidivism with mentally disordered offenders. The development of the instrument occurred in the absence of a theoretical framework and was driven by the actuarial performance of the vari-ables in predicting the outcome of violence. The sample consisted of men admitted to a forensic psychiatric inpatient facility for treatment (n = 332) and men assessed for the courts but not retained beyond the assessment period (n = 286). The outcome variable of interest in the development of the VRAG was violence. The definition of violence included all assaultive behaviors, sex offences, armed robbery, forcible confinement, and threatening violence with a weapon. Possession of a weapon and robbery without violence were excluded (Webster, Harris, Rice, Cormier, & Quinsey, 1994) .
The VRAG also has been shown to be predictive of recidivism in other samples: both a similar mentally disordered sample and a different correctional sample. Grann, Belfrage, and Tengstrom (2000) showed the VRAG to be predictive of recidivism in a Swedish sample of personality disordered and schizophrenic patients. The VRAG also was shown to be predictive of postrelease failure in a predominantly violent correctional sample (Loza, Villeneuve, & Loza-Fanous, 2002) .
Typically, generalizability efforts examine correlational (Pearson's r) or Receiver Operating Characteristic (Area Under the Curve [AUC]) analyses to determine if the instrument can accurately predict the outcome in a different sample. In a recent study, Kroner and Mills (2001) compared the predictive validity of the LSI-R and VRAG in a correctional sample of predominantly violent offenders using both statistics. Both the LSI-R and VRAG were associated with postrelease recidivism (r = .34 and .28, respectively) and revocation of release (r = .45 and .43, respectively). The conclusion that the instruments are predictive of the outcome is based on aggregate analysis across the entire range of participants and scores. This approach provides limited useful information for the communication of risk within the cross-validated sample.
When communicating risk, probabilities or likelihood for reoffending are important both to the clinician and the decision maker (Monahan & Steadman, 1996; Steadman, 2000) . Both the LSI-R and VRAG have published probability categories (hereafter referred to as bins 1 ) suggested by their respective authors.
2 The authors of the LSI-R have provided five probability bins ranging from an 11.7% to 76.0% chance of general recidivism. Recidivism was defined as reincarceration Mills et al. / LSI-R AND VRAG PROBABILITY BINS 567 within 1 year following release. Similarly, the authors of the VRAG offered nine probability bins ranging from a 0% to 100% chance of violent recidivism within 7 years following release. Given the aforementioned predictive validity of both instruments, it would be tempting for the clinician, having read that the instrument has been validated on a sample similar to the one with whom that person works, to apply the probability bins with the assumption that those bins are accurate and applicable to the cross-validated sample. However, without a cross-validation of the probability bins, the accurate assessment of risk is assumed and not verified.
A recent study examining the predictive validity of the VRAG (Loza et al., 2002) found a correlation with recidivism to be .29. This same study then divided the VRAG scores into lower, middle, and upper thirds and plotted the failure rates for each group. With a number of variables (parole violations, new convictions, new offence, and violent acts), the middle group failed at a rate higher than that of the high group. The authors were at a loss to explain the finding. Two possible explanations should be considered. First, it is possible that identified "high risk" offenders are treated differently during release and are revoked for infractions at a rate higher than other offenders. This would mean they have less time in the community and therefore less opportunity to reoffend. Second, the structure of the VRAG within that sample may not lend itself to that particular binning strategy. Nonetheless, this is the first study that hints at the nontransferability of the VRAG probability bins.
The purpose of the present research was twofold: First, to examine generaliz-ability of the probabilities associated with the original bin structure of the LSI-R and VRAG risk prediction instruments in a sample different from the initial validation study, and second, to offer an empirical approach to establishing a bin structure. Many clinicians and much of the research literature employ a low/moderate/high classification approach to describe risk for reoffending (Kropp, Hart, Webster, & Eaves, 1999; Monahan et al., 2001; Webster, Douglas, Eaves, & Hart, 1997) . With this in mind, the suggested empirical approach to binning focused on possible three-bin solutions for both instruments.
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METHOD

PARTICIPANTS
Participants were 209 volunteers drawn from a population of incarcerated adult men sentenced to 2 years or more. Receiving a sentence of 2 years or more is the criterion for entering federal custody in Canada. The ages of the participants ranged from 18 to 55 years, with a mean of 29.9 (SD = 8.3). The participants' racial composition was as follows: White 75% (n = 157), Black 13% (n = 25), Native 10% (n = 20), and Other 3% (n = 7). Participants'most serious index (confining) offences were assaultive (n = 81), robbery (n = 57), property (n = 19), criminal negligence/driving (n = 19), murder/manslaughter (n = 14), drug related (n = 11), and arson (n = 8).
MEASURES
LSI-R.
The LSI-R (Andrews & Bonta, 1995 ) is a 54-item instrument composed of 10 empirically supported subscales of criminogenic factors: Criminal History, Education/Employment, Financial, Family Marital, Accommodation, Leisure/Recreation, Companions, Alcohol/Drug Problem, Emotional/Personal, and Attitudes/Orientation. The items are scored following an interview and file review in a 0 (absent) or 1 (present) format. Scores on the LSI-R can range from 0 to 54. Interrater reliability coefficients range from .80 to .96 (Andrews & Bonta, 1995) .
VRAG. The VRAG (Harris et al., 1993 ) is a 12-item scale that includes the content areas of Psychopathy Checklist-Revised Score, elementary school maladjustment, DSM-III diagnosis of personality disorder, age at index offence, separated from parents younger than age 16, failure on prior conditional release, nonviolent offence history, never married, DSM-III diagnosis of schizophrenia, victim injury, alcohol abuse, and female victim index offence. Each item is weighted according to its ability to discriminate violent recidivists from non-recidivists. Scores on the VRAG can range from -27 to +35.
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Recidivism variables. All participants were followed up after their release from custody. Both offender files and official police records were examined. Participants were classified according to their postrelease performance as nonrecidivist, general recidivist, and violent recidivist. Offences committed while incarcerated were not counted. General recidivism was calculated and applied to the LSI-R probability bins and included all offences both nonviolent and violent. Violent recidivism was calculated and applied to the VRAG probability bins and included uttering threats, assault (on non-peace officer), sexual assault, armed robbery, and robbery with violence. If violence had been used in a robbery through assault, threat, or use of a weapon, that offence was categorized as a violent offence even if the resulting conviction specified robbery only. Robbery (specifically without violence) and assault on a peace officer (typically committed in attempts to flee at the time of arrest) were not classified as violent offences. Withdrawn and dismissed charges were counted as offences only when there was compelling file information to indicate that the subject did commit the offence. For example, if police documents indicated that they responded to an emergency call wherein the participant was implicated in the beating of his spouse but then later the charge was withdrawn at the victim's insistence, such an incident would be considered violent. The assessment of recidivism was done without knowledge of instrument scores.
In addition, days of opportunity were calculated for each participant. Days of opportunity are the number of days a subject is free to commit an offence of any kind. This includes all days not incarcerated or not on an escorted temporary absence as well as any days spent while whereabouts were unknown. The days of opportunity for nonrecidivists ranged from 25 to 2,209 (M = 1108.4, SD = 507). The number of days to an act of general recidivism ranged from 6 to 1,566 (M = 331.4, SD = 348) and the number of days to an act of violent recidivism ranged from 6 to 1,566 (M = 423.8, SD = 396).
PROCEDURES
The offender sample was drawn from volunteers who participated in the psychological assessment process. Psychological assessments required by the Correctional Service Canada and the National Parole 570 CRIMINAL JUSTICE AND BEHAVIOR
Board are completed at intake to determine the level of risk and needs and to make recommendations for programming. The participants were approached prior to testing and completion of a psychological assessment and were asked to read and sign a consent form for that purpose. At that time, offenders were asked if they would consent to participation in the study, and agreement would be indicated by the signing of a consent form. Volunteers did not receive any reward for their participation in the study.
STEPS IN EMPIRICAL BINNING ANALYSIS
The a priori decision was to investigate three-bin solutions for both the LSI-R and VRAG. Three exclusionary criteria were used for screening out less meaningful bin combinations. First, bins had to be at least 10% of the possible range of scores. Second, the bins had to contain at least 10% of participants (minimum of 20 participants). Third, in keeping with the underlying assumption of linearity between the score and outcome, each successively higher scored bin had to be associated with an increase in likelihood for failure. For example, the middle bin had to be associated with a higher rate of recidivism than the lowest bin and the highest bin had to be associated with a higher rate of recidivism than the middle bin. Linearity is reasonably assumed given the cumulative scoring of the instruments. This assumption may not apply to other risk estimation methods (e.g., classification tree). A linear relationship between scores and outcome would not preclude the possibility of certain bins having greater cohesion (lower score variance) that may be related to the interaction between the items of the instrument and sample characteristics.
Two statistics were calculated to evaluate the bins and determine an optimal solution. First, the probability of reoffence by bin was fit to a linear trend for each bin combination producing a Pearson's r statistic. Second, the standard deviation of scores from within each bin was calculated and summed across bins for each bin combination. Standard deviation about the mean for each bin is considered important as a measure of the score's cohesion within the bin. The bins were sorted first by linearity and second by summed standard deviation, reflecting our priorities in bin combination performance.
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RESULTS
NORMATIVE DATA
LSI-R scores for the current sample ranged from 2 to 50 with a mean of 27.5 (SD = 10.4). The LSI-R scores were significantly associated with general recidivism (r = .39, p < .001). VRAG scores ranged from -12 to 31 with a mean of 7.6 (SD = 10.3). The VRAG scores were significantly related to violent recidivism (r = .26, p < .001). A mean score for the initial validation sample was available for the VRAG only (M = .91, SD = 12.9; Harris et al., 1993) . A t test was conducted to compare the VRAG mean of the current study with the VRAG mean of the initial validation study (correcting for unequal variances) and a significant difference was found, t(444.9) = 7.59, p < .001. A Cohen's d was calculated to estimate the effect size of this difference and it was found to be medium (d = .57). For both the LSI-R and VRAG, the percentage of the initial validation sample that fell into the published bins was calculated and compared with the percentage of the current study sample that fell into those same bins. Figures 1 and 2 provide a graph of those distributions. The LSI-R developmental sample appears to be positively skewed, with most of the participants falling into the first three bins. The current sample appears more evenly distributed, with relatively fewer participants in the first three bins and relatively more participants in the top two bins.
The percentage of the initial validation sample of the VRAG that fell into the nine bins is shown in Figure 2 . The distribution is close to normal in appearance, although more participants fall below the middle bin than above. When the participants of the current study were divided into the nine bins, the sixth bin became the mode and the bin distribution had a slight negatively skewed appearance.
BINS BASE RATES
By extrapolating from published reoffence rates by bin (Andrews & Bonta, 1995) , the base rate for recidivism for the LSI-R was calculated to be 40.8% (defined as reincarceration within 1 year following release). The rate includes both violent and nonviolent reoffending. The base rate for violent reoffending in the VRAG initial validation 572 CRIMINAL JUSTICE AND BEHAVIOR sample was 31% after 7 years. The current study base rates for general and violent reoffending were 48.8% for general recidivism and 29% for violent recidivism. The rates of general recidivism for each of the LSI-R bins are shown for both the initial validation sample (see Published Rate) and the current sample (see Study Rate) in Table 1 . The current sample has higher recidivism rates in bins 1, 4, and 5. The LSI-R initial validation sample has a higher recidivism rate in bin 2, and both samples share similar recidivism rates in bin 3. Similar to the initial validation sample, the current sample has an increasing rate of recidivism as the mean score increases across bins.
The VRAG initial validation sample was divided into nine equal bins according to the range of scores and the violent recidivism rates (see Published Rate) are reported in Table 2 along with the violent recidivism rates for the current sample (see Study Rate). Most notable is the restricted range of recidivism rates for the current sample as compared to the initial validation sample (0% to 47.6% vs. 0% to 100%, respectively) and the nonlinear progression of violent recidivism rates through the bins. For example, in the current sample, bin 4 is associated with an 18.2% recidivism rate and bin 5 (greater mean score) is associated with a 14.6% recidivism rate. This type of reversal occurs again between bin 8 and bin 9.
THREE-BIN SOLUTIONS
All possible three-bin combinations were calculated for both the LSI-R and VRAG. The exclusionary criteria outlined in the procedures section were applied to both sets of bin combinations, reducing the total number of bin combinations for the LSI-R to 228 and for the VRAG to 229. Probabilities of general recidivism were calculated for each of the LSI-R bin combinations and probabilities of violent recidivism were calculated for each of the VRAG bin combinations. Two statistics were calculated for each of these bin combinations. First, the probability of reoffence for each bin was fit to a linear trend for each of the bin combinations. This produced a Pearson's r for each bin combination. Second, the standard deviation of scores from within each bin was calculated and summed for each of the bin combinations. The bin combinations were then ranked by correlation (descending order) and by summed standard deviation (ascending order) and the top five ranking combinations are reported in Table 3 for the LSI-R and Table  4 for the VRAG. It should be noted that for the LSI-R, nine bin combinations had a linearity statistic of 1.0. Similarly for the VRAG, five bin combinations had a linearity statistic of 1.0. Therefore, the dis- Andrews and Bonta (1995) . Webster, Harris, Rice, Cormier, and Quinsey (1994) .
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criminating factor among the top five combinations was the summed standard deviation. For each bin combination reported, the number of participants in each bin and the percentage of those who failed are shown for both the LSI-R (Table 3 ; general recidivism) and VRAG (Table 4 ; violent recidivism). An examination of the results revealed variability (SD) for a bin combination to be greater when linearity is greater. An exploratory correlation between the linear trend and the standard deviation was calculated for both the LSI-R and VRAG bin combinations and was found to be significant (r = .63, p < .001; r = .41, p < .001, respectively). This finding indicates that a trade-off would occur between the linearity (r) of the bins and the standard deviation because the intent of the selection process was to maximize linearity while minimizing standard deviation.
The top five LSI-R bin combinations showed very similar recidivism rates across the bins (see Table 3 ). For example, the range of recidivism probability for the first bin from each of the five combinations was 24% to 27%. However, the range of participants represented in each of those bins was broader: 45 to 71 (22% to 34% of the sample). In addition to differences in bin composition, there were differences in the range of recidivism rates among the bin combinations. For example, the range in recidivism rates for Combination 1 was 25% for bin 1 to 67% for bin 3 (a range of 42%), whereas for Combination 4, recidivism for bin 1 was 24% and for bin 3 was 80% (a range of 56%).
The top five bin combinations of the VRAG were dissimilar (see Table 4 ). The range of probability estimates associated with the first bins of these five combinations was 6% to 16% and represented from 33 to 91 participants (16% to 44% of the sample). The smallest difference in range of recidivism rates (bin 1 to bin 3) was found in Combination 3 (26%) and the largest difference in range of recidivism rates was found in Combination 2 (33%). It should be expected that the range in recidivism rates between lower and upper bins would be smaller for violent recidivism than general recidivism because the base rate for violent recidivism is lower than for general recidivism.
Because the top five bin combinations were very similar to each other in terms of r and SD, a third statistic was employed to assist in discriminating between bin combinations. One measure of how tightly 576 CRIMINAL JUSTICE AND BEHAVIOR grouped the scores within an individual bin are is the 95% confidence interval of the scores about the mean. Two adjacent bins with no overlap of their respective confidence intervals is an indication that the scores within the bins are statistically different. The top five bin combinations were then subjected to a 95% confidence interval analysis to determine which of the bin combinations had the least confidence interval overlap between bins. A summed distance statistic was calculated for each binning combination by subtracting the upper limit of the confidence interval of a lower bin from the lower limit of the confidence interval of a higher bin. This produced two difference scores for each bin combination (lowest bin -middle bin, middle bin -highest bin). The two differences for each binning combination were added together to produce the summed distance. Both the confidence intervals and summed distance are reported in Table 5 . A negative summed distance reflects an overlap of confidence intervals and a positive summed distance indicates no overlap in confidence intervals. Two of the five binning combinations (4 and 5) for the LSI-R were positive, indicating no overlap in the confidence intervals around the mean for each bin. The VRAG binning combinations produced only overlapping confidence intervals.
DISCUSSION
The results of this study do not support the generalizability of the original probabilities associated with the prediction bins, although the LSI-R bins performed much better than the VRAG bins. Overall, the original LSI-R probabilities tend to underestimate the likelihood of general reoffending and the original VRAG probabilities tend to overestimate the likelihood of violent reoffending. Furthermore, this study does not support the use of the initial validation probability bins of either instrument with our sample. The VRAG nine-bin system has the greater problem given the presence of probability reversals through the bins in conjunction with dissimilar probabilities associated with the bins. These findings prompted the investigation of an empirical approach to bin selection.
The strength of the statistical relationship between an instrument's scores and outcome does not necessarily impute accuracy to the cliniMills et al. / LSI-R AND VRAG PROBABILITY BINS 579 cal application of those scores. It should not be surprising that statistics based on aggregate scores and the overall relationships between those scores and outcome (Pearson's r and AUC) could hide meaningful differences between samples in the prediction of risk. These statistics measure the overall relationship between construct (instrument) and outcome, but they do not reflect the unique characteristics of that relationship such as a distribution of scores that may impact on bin probabilities. This would best be represented by the various distributions about a regression line that would produce an identical correlation.
Differences in base rates between the initial validation sample and the current study's sample could potentially cause the prediction bins to reflect differing probabilities. However, in the current study, the recidivism rates were close to the rates of the initial validation sample: 48.8% study sample versus 40.8% developmental sample for general recidivism and 29% study sample versus 31% developmental sample for violent recidivism.
Differences in the mean scores and the distribution of those scores seem to be the most likely source of variance in the probabilities associated with the prediction bins. The one comparison that could be sta-
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Note. LSI-R = Level of Service Inventory-Revised, VRAG = Violence Risk Appraisal Guide. A negative Summed Distance score indicates an overlap in the confidence intervals.
tistically analyzed was the comparison of mean scores between the VRAG initial validation sample and the study sample, which reflected a medium difference. However, the distribution of participants within the bins seems to be the reason for the discrepancy in probability estimates. This difference in distribution may reflect an interaction between the characteristics of a sample and the items of the instrument. For example, the diagnosis of schizophrenia was evident in 23% of the VRAG initial validation sample (Webster et al., 1994) , whereas in the current sample, only 1% of cases had a diagnosis of schizophrenia. There is a difference of 4 points (-3 to +1) on this item alone, which can influence the overall mean and distribution of the participants in the probability bins without contributing to the prediction of risk. The items of the instrument often reflect constructs of importance in the prediction of an outcome for a specific sample. These constructs may not make the same statistical contribution to prediction in another sample and therefore contribute to inaccurate (nonlinear) binning.
The poor performance of the original VRAG bin combination with our sample may be explained by two factors. First, the nine-bin system likely contains too many bins to be reliably cross-validated. The greater number of bins might make the bin system susceptible to characteristic differences in a second sample. The second factor is related to the first in that there might be an Instrument × Sample interaction that affects score distribution and the relationship of that score distribution to recidivism. If this proves to be true, and the present study gives first evidence of this, then probability bins will need to be calculated for each instrument on each sample of application.
An aggregate index of the strength of the relationship between predictor and outcome is not synonymous with accuracy of bin probabilities. Therefore, the overall statistics should guide the decision to use the instrument on a particular sample, but additional information is needed to guide how the instrument will be applied. The conclusion that the prediction bins did not cross-validate led to the investigation of possible three-bin solutions, empirically derived, that would associate reoffence probabilities with categories of low, moderate, or high risk. The decision rules that led to the optimal bin solution reflect our priorities. First, there were applied considerations such as bin width and size and, second, statistical considerations such as positive linear-ity of the bins and the distribution of scores within the bin (bin cohesion). These applied issues and statistical approaches may not be priorities shared by others and hence different optimal combinations are almost certain with minor changes in either applied priorities or statistical approaches.
It may be tempting for some to dismiss the use of bins as solely a weakness of actuarial prediction or alternately to argue for different models of prediction such as stochastic time-sensitive models (Neufeld, 1998) . However, this would be short-sighted for a number of reasons. First, bins (the determination of low, moderate, or high risk) are widely used even within nonactuarial schemes such as the structured clinical judgment approach or the classification tree approach, albeit without the application of actuarial estimates. Second, analyzing instruments at the binning level potentially provides insight into how the items function in relationship to the bins, as was demonstrated with the VRAG in this study. Third, alternate models such as Cox regression would use aggregate scores and overlook the function of items within the schemes in a manner similar to correlations and AUCs. Fourth, and perhaps most important, the science of risk assessment is only as good as its application. The current application of risk assessment when using the VRAG and LSI-R (as well as others) is through the mechanism of predictive bins. A failure to fully investigate the application of predictive bins could result in errors at the point where the science is practiced.
The present study serves to introduce the need for closer examination of probability bins in the prediction of recidivism. The authors acknowledge that the decision rules and statistics used to arrive at an optimal bin solution are the determining factors in the solution and in time may not prove to be an optimal procedure. Nonetheless, the results should draw attention to the need for further research in this area to determine the statistically preferred approach that will identify linear bins with minimal score distribution. Some limitations of the current study could be overcome with a larger sample. For example, both the LSI-R and VRAG had many more participants in their initial validation study. More participants would undoubtedly affect score distribution across the bins and score cohesion within the bins. Another potential limitation of the current study is the time of follow-
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CRIMINAL JUSTICE AND BEHAVIOR up as it pertains to violent recidivism. Future research in optimal bin selection should consider whether base rate or time is the greater factor in the bins' performance. Our current mean follow-up time was 3 years, producing a violent recidivism base rate of 29%, similar to the 31% base rate of the VRAG validation study, which followed up more than 7 years. A longer follow-up period would permit an analysis of the influence of base rate and time by varying the time periods of followup. Furthermore, the current study only investigated possible threebin solutions and there might be other solutions (four-bin, five-bin, etc.) that prove more discriminant yet reliable. Testing these different bin combinations introduces the challenge of choosing a measure of accuracy that can compare bin solutions (i.e., three-bin vs. four-bin). The present study introduces an important issue in the use of risk prediction instruments and the communication of that risk. Both clinicians and decision makers receive more information when percentages are used rather than when the nebulous low, moderate, or high risk categorization is made. However, ensuring the accuracy of those bins is imperative. Although the bin selection process is an intellectual and empirical exercise for researchers, for the person hoping to be released from a secure facility it has a different meaning. If the bin demarcation is drawn above a score of 23 on the LSI-R, the person is said to be a low risk (25% likelihood of reoffending), but if it is drawn above the score of 23, the person is said to be a moderate risk (46% likelihood of reoffending). This speaks to the essential weakness of the probability bins in general and points to the need for a more idiographic approach to risk prediction (Heilbrun, O'Neill, Strohman, Bowman, & Philipson, 2000) . Until the field arrives at this point, it is important to have an empirical justification for bin selection.
NOTES
1. The term "bin" is employed because the grouping is not associated with a theoretically meaningful category or class of individual but is a grouping of convenience for the purpose of calculating and communicating a probability of recidivism.
2. Probability bins are a particularly convenient method of assessing risk. Other methods include Structured Clinical Judgment or exact scores using Cox regression techniques. The purpose of this study was not to compare or advocate for a particular method but to investigate one method common to clinical practice: probability bins.
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